This r eport describes th e sy nt hesis of a new bis-bifunctional derivative of 8-hyd ro xyquinolin e, its reaction with a number of divalent, first-row trans it ion m etals to form coo rdin ation polymers, and a t hermogravimetric study of the thermal stabili ty of the polyme rs. The ligand, 5,5'-[methylenebis (p-phenylenen it rilometh ylid yne) ]di-8-quinolinol was prepared in a condensation r eaction between 5-formyl-8-hyd rox yq uin oline a nd 4,4'-meth yle nedianiline and subsequently treated with t he acetate salts of Mn(II) , Co(I1), N i(II), eu(II), and Zn (II). Th e metal coo rdi nated in t he backbone of t he polymer is sh own to be an important factor in gove rning the thermal stability w hen t he sampl es a re heated in vacuum.
Introduction
In an earlier paper [1] 1 the author s r epor ted the synthesis and thermal properties of coordination polymers of bis(8-hydroxy-5-quinolyl)methane. The thermal stability of Schiff base and related cOOl·dina-tion systems has been studied by other workers [2-7], al though not under the conditions used in our experiments. For example, Friihof [2] prepared a variety of interesting 8-hydroxyquinoline-Schiff bases which he r eacted with metal ions to obtain insoluble coordination polymers in the form of colored powders. He examined the therm al stability of a number of the polymers by heating 200 mg samples at fixed temperatures and measuring the weigh t loss after a 12-hr interval.
Marvel and coworkers [3] investigated th e thermal stability of Zn (II) , N i(II), and Cu(H ) chelates containing ligands I and II. 
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They fou nd th at the copper complexes were always less stable t han tbose of ei ther zinc 0 1' nickel, and the r elative stfLbility of the two latter complexes depended, to a l arge extent, upon the natme of the bridging group . Charles [7] studied t h e heat stabilities of some Schiff base chelates of N -alkylsalicylaldimine, and found t h at in all cases t h e copper complexes were less stable than t hose of zinc. The relative stability of the nickel and t he 7.inc chelates appeared to be a function of the alkyl substituent on nitrogen. The zinc complexes con taining heptyl, decyl, and dodecyl groups were more stable than the nickel complexes. However, with propyl and amyl groups on nitrogen, the nickel chelates were more stable than the zinc compounds. The work to be described here is an extension of the original investigation r1] and deals with the synthesis and thermal stability of coordination polymers of 5,5' -[methylenebis(p-phenylenenitrilomethylidyne) ] di-8-quinolinol.
These polymers differ from those in the first group chiefly b ecause the -CH2-bridge in bis(8-hydroxy-5-quinolyl)methane h as been r eplaced by a -CH=N-<::::>-CH~<::::>-N=CH bridging group . The coordination polymers of bis(8-hydroxy-5-quinolyl)methane were found to be very insoluble, even in boiling organic solvents. As is well known, the insoluble nature of coordination polymers h as severely limited their use as engineering materials and has impeded more fundamental research dealing with such problems as molecular weights and polymer morphology. On the basis of chemical considerations, the bis-bifunctional nature of the ligand leads one to expect that polymers were formed during the reactions with metal ions. This view is supported by infrared and elemental analysis, the insolubility of the products from the reactions and, moreover, by their enhanced thermal stability. The properties of the products differed markedly from the known behavior of the nonpolymeric complexes of 8-hydroxyquinoline. In part, the insertion of the large organic bridge in the present group of polymers was an attempt to improve their solubility characteristics in organic solvents. In addition, it was of interest to study the effect of this large bridging group on the thermal stability and other properties of the coordination polymers.
Experimental Procedure
The 5-formyl derivative of oxine was prepared by means of a Reimer Tiemann reaction of 8-hydroxyquinoline with chloroform in alkaline solution [8] . The product ultimately obtained from this reaction was extracted with petroleum ether, and on coolin g, a brown-orange solid crystallized in the extract. This was recrystallized from acetone, yielding an orange-tan product in the form of fine needles that melted at 178. 5 
Synthesis of Schiff Base Coordination Polymers
The coordination polymers were prepared, as shown in the general equation (eq 2, below), by dissolving the ligand in boiling dimethylformamide 2 and adding, drop-wise, a stoichiometric amount of the metal acetate contained in a dimethylformamide solution, while the reaction mixture was under reflux conditions. When the cation was added to the solution con taining the ligand there was a sudden change in the color of the solution accompanied by the precipitation of the polymer. The polymers, in the form of colored powders, were found to be insoluble in a wide variety of solvents and could not be purified by recrystallization . Therefore, each polymer was collected, wrapped i n filter paper prior to insertion in a paper thimble, and extracted with dimethylformamide for 16 hr in a Sox hlet apparatus. This was designed to purify the poly mer by extracting unreacted starting materials and soluble non polymeric substances. After 16 hI' the solution in the extraction flask was highly colored while the solvent in contact with polymer in the extractor was colorless. The poly mers were then extracted with absolute alcohol to remove adsorbed dimethylformamide 2 The dimethylforma mide was fIrst treated with KOH pellets and then dist ill ed at atmospheri c pressur e in t he prese nce of CaO. 'rhe fraction which distilled between 152 to 154 °C was coll ected a nd lIsed in t his work.
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t1nd any alcohol-soluble constituents. The product was dried over P20 5 in vacuum at 140°C for 24 hr.
The results of the elemental analyses of the polymers are given in table 1.
T ABLE 1. Elemental anal y~es of coontination polymers 
. Thermogravimetric Analysis
The thermal stability of th e Mn(II), Co (II) , Ni (II), and Zn(II) 5,5' -[m ethylenebis (p-phenylenenitrilomethylidyne) ]di-8-quinolinol coordination polymers was studied under vacuum condi tions using an Eyraud Electronic Thermobalance. 3 A 50-mg sample con tained in a platinum crucible was heated from r oom temp erature to 1000 °C at a heating rate of 2.5 °C/min. The weight loss was determined as previously described [1 ] . Th e thermal stability of th e Cu (II) coordination polymer was evalu ated with a modified Cah n Electronic Balance to be described in a subsequent publication, after it was demonstrated on reference materials that th e data were in agreement with results obtained with th e E yraud B alance. For each polymer, at least two samples were taken, and th erm ogravim etric analysis curves were obtained on each sample.
Results and Discussion
The weight loss of each polymer, on a percentage basis, over the temperature intervals studied are listed in table 2. These data are plotted in figure 1 where each curve represents the average of t wo separate runs conducted on different days.
The initial slopes in the t hermogr ams probably represent the volatilization of water, organic solvent su ch as dimethylformamide, and low molecular weight moieties. For example, the Mn (II ) coordination polymer lost approximately 6 p ercen t of its weight prior to the sh arp break in the thermogram while th e weight loss for the Co (II ) and Ni(II) coordin ation polymers was about 5 to 8 p ercent. ( Heatin g ra te in vacuum, 2.5 °C/min .)
These values agree closely with the calculated 6 p ercent water conten t in these polymers b ased on [MnL·2H20] n, where L represents the ligand. The weight loss of the Zn (II ) polymer up to 425°C amounted to abou t 17 percent, and these volatiles may have contained solvent and low molecular weight compound's in addition to water. After this initial weight loss a rather sharp break occurred in each of the thermograms, signifying the onset of a decomposition process accompanied by a rapid loss of volatile fragments. As a measure of thermal stability, the decomposition temperature of the polymers was determined by the procedure utilized earlier [1] . Briefly, as shown in figure 1 by the dashed lines on the thermogram for the Mn polymer, this involved the drawing of straight lines through the experimental points on the expanded thermogram, before and after the initial sharp break in the curve that occurred at moderately low weight losses. The intersection of these two lines was then projected to the temperature axis and this temperature was arbitrarily defined as the decomposition temperature. These temperatures, for each run, are listed in table 3 and are plotted in figure 2 as a function of the atomic number of metal incorporated in the backbone of the polymers. di-8-quinolinol polymer shows a departure from the thermal stability trend established by the other first-row , divalent transition metals. In fact, its decomposition temperature is about 90°C higher than th.at of the analogous Cu(II) polymer. The procedures developed by Doyle [9] , and Horowitz and Metzger [lO] for calculat,ing activation energies and reaction order were round to be inapplicable to the coordination polymers of 8-hydroxyquinoline derivatives in the instances in which the data were tested. Obviously, the decomposition temperature alone is a crude measure of the thermal stability of the samples and more refined and sen sitive criteria for evaluating the polymers are curren tly under examination.
A number of conclusions may be deduced from an examination of the curves shown in figure 2. First, the sub stitution of a large organic bridge [01' the CH2 group in the 5,5' -position of the ligand lowers the apparent decomposition temperature of the pol ymers by 80 to 100°C. Secondly, the decomposition mechanism, near the temperature at which accelerated weight loss occurs, appears to involve metalligand scissions in both polymer systems and is dependent on the nature o[ the metal which unites th e ligands in the polymer. At this time there is little detailed in [ormation about the nature 0[' decomposition over the entire temperature range used in this investigation but the mechanism does not appenr to be a simple one.
It would be quite informntive if values for the bond angles and bond distances were available for these polymers, particularly at the metal-ligand site, so that one could correlate these data with the thermal stability of the polymers. Unfortunately, only one definitive structural study 0[' an 8-hydToxyquinolate system has been made. This was the work of Merritt and coworkers [11 ] on Zn-8-hydroxyquinolate. This paper reported the bond distances for Zn-O and Zn-N as 2.05 and 2.06 A, respectively, and indicated that the 5-membered rin g formed on chelation was under strain. Thus, the Zn-N-Cs angle was found to be 111.8° rather than the anticipated 120° ( fig. 3) . bond distances are related to the periodic properties of th e metal. Also shown in figure 4 is the relationship between the ionic radii of the metals and tbeif atomic number. The shape of these plots bears a striking resemblance to those shown in figure 2 (curves A and B ) where the decomposition temperature has been related to the atomic numbers of the metals in the polymers. Returning to table 2 it can be seen that by the time the temperature reached 1000 °C the Co polymer had lost about 75 percent o[ its original weight while the weight loss of the remaining polymers amounted to 65 to 68 percent . During the run, the furnace was maintained at 1000 °C for about 8 hI' until th e sample lost no additional weight. In table 4 the values obtained [or the final residues and volatiles are compared with. the calculated metal and C , H, N, 0 content of the original polymers. For the Cu, Ni , and Co samples, the residues differed from the calculated metal content in the original poly mers by about 10 percent, on a relative 57 basis. Some of the residues contained metal oxides, which may have been formed when the apparatus was opened to the air after the p yrolysis. This could, in part, account for the high. results obtained for th e residues [rom the Mn, Co, and Ni cOOl'dination polymers. There is some evidence to indicate that the metal oxides may not be formed durin g the decomposition of some of the polymers . For the Zn-Schiff base polymer, only a tracc of residue remained, indicating that essentially the entire sample volatilized under the conditions of the experiment. This finding is also in keeping with the proposed decomposition mechanism involving the rupture of metal-ligand bonds in that any metalJic zinc or even zinc oxide formed during polymer degradation would have volatilized at 1000 °C in vacuum . Additional exp eriments are under way at the present t ime in which the decomposition products are being analyzed in the mass spectrometer. These experiments should provide more definitive information about the mechani sm of decomposition for the coordination polym ers of bis(8-h ydroxyquinolin e) d erivatives.
